
ed ~511th probabty, p = 1 - e-'"'j', so that the ex- 
pected number of collis~ons 1s np and varance is np(1 
- p)  [R Pyke J. R. Stat Soc B 27, 395 (1965)l. Our 
data suggest that 13 out of 17 (76'6) adenomas were 
polyclonal. We observed approximately 300 polyps in 
a colon length of 15 000 c ~ l p t s  The mean width of 
the obsewed adenomas was seven crypts (although 
this figure is an overestmate of x, because t bvas 
observed after any coll~s~ons had occurred, v'lhich 
presumably had the effect of increasng x) We ana- 
lyzed the model assuming dfferent values of n and 
determinng v'lhether these values can account for 
two observations: (i) the f n a  figure of 300 adenomas 
after any coll~s~ons have occurred and (ii) the estimate 
or 76'0 polyclonal~ty In general, t 1s not possbe to 
reconcile observations (i) and (ii), If n is suff~c~ently 
small to account for obsetvaton (I) then far too febv 
coll~sions occur to account for observation (11) Con- 

versely, t n is large enough to account for obser- 
vation ( i~) .  then many more polyps than 300 result. 
For exarnpe use an estmate for n ,  assuming that 
each polyclonal adenoma IS tormed or three or~gi-  
n a  adenomas In t h s  case, n = 756, x = 7, and y 
= 15.000. Then, it follov~~s thatp = 0.297. np  lnum- 
ber of coll~s~ons) = 225, np(1 - p) lvarance In the 
number of coll~sions) = 157 (SD = 12 5): and n(1 - 
p l  (number of noncoll~s~on polyps) = 531. If each 
col l~s~on nvoves a mean of three adenormas then 
22513 = 75 polyclonal adenomas result 112 4% of 
total) and a total of 606 adenomas is ~ r e d c t e d .  
Even if the number of collis~ons is Increased by 2 SD 
(-so, conf~dence limlt) from the 225 predicted, the 
total number or polyps resutng 1s 590, wi i~ch s tar  In 
excess of 300 Moreover, In order to account for the 
observation that 13 out of 17 adenomas were poy-  
clonal. glven that 12.4'6 of a polyps were poly- 

clonal, the approprate terms In the binoma distribu- 
tlon @ = 0 124, n = 17) are calculated to glve P 
(observed polyclonal~ty) c(3 x 1 0-3 Thus, tlie model 
suggests that the coll~s~on hypothes~s cannot ac- 
count for the obsenjed data. 

26 For mixed (XOIXY) adenomas, mean w~dth  = 5 93 
crypts In = 13): and for a adenomas, mean v'lidth = 

6 82 (n = 285) and SEM = 0 554. The width of 
mxed adenomas does not dffer signf~canty trom 
that of the general polyp popuaton (normal dstrbu- 
tlon, two-taed test F > 0.1) 

27 i-' F. W~llard, K. D. Smith. J Sutherland, l\l~ic/eic 
Acids Res. 11, 201 7 (1 983). 

28 We thank P Sasieni tor assistance w th  the statistical 
analysis and A Rov51an tor pe ro r~nng  the protein 
truncation test 
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expression data, proposes a single inecha- 
~ l i s m  of dosage c o m ~ e ~ l s a t i o n  for all X chro- 

u , L  

X Chromosome Dosage Compensation in the sex deter lnl~la t~on lnecha~lism and ac- 

Drosophila 
coinnlodates the locallzatlon of the hlSL 
proteins to the X chromosome in males. 

111 the recent article by Richard L. Kelley 
and Mitzi I. Kuroda (1)  and in a n  earller 
paper (2 ) ,  a rnodel of X chrolnosonle dosage 
compensation in D~osophila was attributed 
to our laboratory that lnlsrepresents our 
vie~vs. For the  record, we briefly su1nmari:e 
our ideas. 

Dosage comDensatlon not only occurs in 
males, Cut alsb In other X cGomosome 
genotypes such as metafeinales (3X;2.q), 
metamales (1X;3A), and triploii L intersexes 
(2X;3A), ~vhere  .q desig~lates the autosornes 
(3) .  W e  have sought to explain the flve 
levels of X expression In males, females, 
metafemales, triploid metamales, and trip- 
loid intersexes. W e  have proposed that the 
change in gene dosage in these genot3-pes is 
canceled by a trans-actlng inverse dosage 
effect that \~lould also be produced by regu- 
latory genes simultaneously varied. Thls ef- 
fect 1s of the appropriate magnitude to can- 
cel the structural gene dosage effect in all 
genot3-pes of the  X. T h e  Inverse dosage 
effect has been observed In aneuploids of 
slgniflca~lt length 111 both lnalze and Dro- 
sophila (4,  5 )  and produces dosage compen- 
sation of inany structural genes present o n  
the varied chromosolnal segments (5 ,  6 ) .  

As the  hetero~norphic sex chrornoso~ne 
situation evolved in D~osophtln, these effects 
would come illto play and produce dosage 
compensation of most X-linked genes and 
the doubling of the  expression of the auto- 
soines in males. In  metafemales, the three X 
chromosomes are compensated and the au- 
tosomal expression is reduced (7). Indeed, 
transgenic copies of the  ordinarily X-linked 
whlte locus, \\.hen present o n  the autosomes, 
are inversely affected in a dosage series of 
the  X i~lvolwng males (1X;2A), females 
(2X;2A), and Inetafemales (3X;ZA) (8). 

W e  speculate that the products of the msl 
loci sequester a modifier of chroiiiatin, 
oresent in both sexes. to the X chromosoiiie. 
This situation has evolved to alter the action 
of the illverse effect in males. That  a com- 
plex of the A'lSL proteins locallies to the X 
chromosome has been elegantly demonstrat- 
ed by Kuroda and her colleagues (9) .  T h e  
bi~lding of the complex requlres the presence 
of all four msl gene products, and the synthe- 
sis of one of them, msl-2, 1s blocked in fe- 
males by the product of the Sex lethal gene 
12). T h e  seauesterecl chromatin lnodifler 1s 
postulated to enhance the actloll of the In- 
verse effectors to ensure conlulete comuen- 
sation of X-linked genes. Because the modi- 
fier is sequestered away from the autosornes 
in males, the t e~ lde~ lcv  for increased exores- 
sion of the autosomes would be d l m l ~ ~ i s h e ~ l ,  
although some cases of hlehel autosoma1 
Inale expression persist (1 0) .  Therefore, 
x h e n  any of the ins1 locl are mutated, there 
is no  sequestration; the X remains basically 
colnpensated and the autosoma1 expression 
is l~lcreased in general (1 I ) .  T h e  consequent 
change in chromatin might affect the cyto- 
logical appearance of the chromosomes in 
the mutants. 

Wl th  the  Sxli mutatio~ls,  the XX indi- 
viduals are shifted to male sex determina- 
tion (12) and the  hlSL complex binds to 
the two X chromosomes (13) ,  thus seques- 
tering more niodlfying protein fro111 the  
autosornes and resulting In thelr lowered 
expression (14) .  Because the  acetylated 
lysine-16 form of histone 4.q is enriched 
o n  the  male X (15) ,  a candidate for the  
sequestered protein 1s the  responsible hls- 
tone acetyltransferase [or a n  inhibitor of a 
h l s to~ le  deacetylase ( I ) ] ,  but there ma\- be 
other  possibilities. 

James A. Birchler 
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Response: Because of space llmltatlons, we 
o111l briefll referred to the trans-acting In- 
verse dosage effects theory for dosage com- 
pensation favored by Birchler and his co- 
lvorkers i l  ). T h e  controversl- can be dis- , , 

tilled don711 to lvhether the primary defect 
In msl mutant males is a n  l~ladecluate 
amount of X-encoded gene products or a n  
excess of autosomally encoded products. 
Our  understanding of Blrchler's model is 
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that males (1X:7,A) h a \ ~ e  a natural ten,len- 
c!; to liy-pcrt~.an~crihe many gene.: in the  
genome because of the  ahcence ot one copy 
of the X c1irixmi)some. In his model, the ~ n s l  
a ~ l i I  type gene prodr~cts nrillity- the In\.erse 
etikct 011 the autosomes ( I ) ,  iii contrast to 
the "X c11romoi)me mi>ilel." 111 nlilch the 
hlSL proteins prlmarll\- affect transcriptli)n 
of the  X ancl not the  autosomes (2 ) .  In his 
comment,  Birchler sllgrests hon- the MSL 
p r o t u n s t ~ ~ i ~ l ~ t  re,culate the alltosomes in 
soite i)f thelr rl ivs~cal locatlon on the X 

L ,  

chromosome. In his inverse effect moilel, 
the  i~rimary- function of the L?SL complex is 
to sequester a liyPothetical factc~r illeillatlllg 
the In\.erse effect away from the autosames, 
thus re i iucl~~g their exrresslon to Imal  1e1-el. 
O n e  of the reasolls we prefer the X chromo- 
.orlle model is that removing the XlSL ci)m- 
plex In murarlt  male^, nr ecroylcal17- espress- 
ing the LISL complex in females, proiiuces 
gross alterarioils 111 X chromosome morphol- 
ogy ci)nsisteilr 1~1th altereii transcriptional 
levels, b ~ i t  iloes riot affect autosome mor- 
yl1ology ( 3  ). 

T h e  liasls for the disagreelllelit lies In the 
.litflculty of ideiitify-liig 'rlm,ar\i (as oppoieLi 
to ceconilary) effects in mutants, compi>~ui~LI- 
ed by- tlie great techliical challenge of cllrect- 
1y- ~lle~isurino >mall change.; in transcr~pt~i>n. 
T h e  fou~ i i l~x t~ i~n  of the ill\-erie effect liloJel 
iiepenils 011 precise measurements ot steady- 
state RNA cc)ncentrat~ons cir er-iry-matic ac- 
t l v ~ t i e ~  111 ~iylllq illiil\.~ii~lali. The  valiillty of 
the IileasurelnerIts becc~mes even illore ten- 
LIOLIS n-hen adults rather tli,in 1arl.a~ are stucl- 
ied, because these are rare, atypical escapers. 
Thus, the ~yariable gene expression Blrchler 
and colleagr~ei founii for hot11 X-linkecl ancl 
ar~tosonial eelies ci~~ulil he attrlhuted to the 
gross of 'lying cells, which ha1.e 
altered molar ratlos of X anrl aurosomall~ 
encocleii tran\criytion tactors ( 1  ). Further- 
mnre, the Jeletion of ;i large cllroil~iiso~l~e 
iegllent or the failure to ili>>a,ge ci>mpeilsatte 
the male X coulil reiir~ce certain transcrlp- 
rlon f,ictor. or other cllromatin proteins hy- 
5 i 7 O 0 ,  and this c i ~ i l ~ l  s e c o ~ l i l a r ~ l ~  alter expres- 
sion of the relnailline genome in ur-ipreilicr- 
able n.,i\-s, eitlier ~ o s i t i v e l ~  or negatively. 

Although sllnilar crltlcicms may he maile 
of expression stuLIles supporting tlie X chro- 
mosollle model tor Josage compensat~on, 
\ye are hasillg cur support of this moilel 
largely on the  X cliromosome localization of 
the MSL protellis anil X chromosome mor- 
plii>logy 111 insl mutalits. These ohservatlons 
stri)ngly favor the hy-pothesls that the  XISL 
protenis f~liiction to increase X- 
liiikeil gene expression. 

Richard L. Kelley 
Mitzi I .  Kuroda 

Department of Cell Biology, 
Hozt,ard Htighes Aledical Instttute, 

Baylo, College of hMedtctne, 
Houston,  TX 779311, CSA 

REFERENCES 

1 J C blebert and J A E~rch er, Genet~cs 136, 91 3 
:' 9941 

2 R L Keiley a i d  ibA. I. Kuroda, Scielice 270, 1637 
(1 995) 

3 J M Beiote and J C. L~.cchesi. i\ifsture 285. 573 
11 980): R L Keley e ta /  , Ceii 81, 867 (19951 

11 Jaruary 1995, acce~ ted  18 March 1996 

To Be Awarded for a Report, Research Article, or 
an Article Published in Science 

The AAAS-Newcomb Cleveland Prize is awarded invited to nominate papers appearing in the Reports, 
to the author of an outstanding paper published in Research Articles, or Articles sections. Nominations 
Scie~zce. The value of the prize is $5000; the winner must be typed, and the following information pro- 
also receives a bronze medal. The current competition vided: the title of the paper, issue in which it was 
period began with the 2 June 1995 issue and ends with published, author'3 name, and a brief statement of 
the issue of 31 May 1996. justification for nomination. Nominations should be 

submitted to the AAAS-Newcomb Cleveland Prize. 
Reports, Research Articles, and Articles that in- AAAS, Room 1044, 1200 New York Avenue. NW, 

clude original research data. theories, or syntheses and Washington, DC 20005, and must be received on or 
are fundamental contributions to basic knowledge or before 30 June 1996. Final selection will rest with a 
technical achievements of far-reaching consequence panel of distinguished scientists appointed by the 
are eligible for consideration for the prize. The paper editor-in-chief of Scier~ce. 
 nus st be a first-time publication of the author's own The award will be presented at the 1997 AAAS 
work. Reference to pertinent earlier work by the author annual meeting. In cases of multiple authorship, the 
may be included to give perspective. prize will be divided equally between or among the 

Throughout the competition period, readers are authors. 




